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Fig. 3 Typical example of the SMES-UPS operation
under the power interruption.
Fig. 2 Typical example of the motor behavior under
the power interruption.
line. When an induction motor decelerates, part of the
kinetic energy of the motor revives to the electric energy.
This regenerative braking-effect of the motor also influences
frequency in the local bus-line.
Figure 3 shows a typical example of the SMES-UPS
operation under the large voltage sag condition; (a) grid
voltage VS and local bus-line voltage VL, (b) 3-phase
currents of the SMES, (c) active power P and reactive power
Q of the SMES, and (d) rotation speeds of the induction
motors. In this simulation, the dead time of fault detection
and delay time of circuit isolation were 33.3 ms and 16.7 ms,
respectively. This result shows the effectiveness of control
scheme of the SMES-UPS for the large rotating machines.
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Fig. 1 Circuit Simulation model for SMES-UPS system.
In LHD, cryostable condition of the SC coils has been
kept for more than a half year in every experimental cycle.
Large voltage sags or short interruptions caused by
thunderbolts happened one or two times in an experimental
cycle. When a short interruption occurred, main circulating
compressors and turbines of a helium liquefier/refrigerator
immediately tripped, and large volume of the evaporated
helium gas from the SC coils and current-leads had to relief
into the atmosphere. To avoid these time and economic
losses, a SMES for an uninterruptible power supply (UPS)
application has been investigated. The system consists of
an SC coil for energy storage, isolation switches, AC/DC
converter, small refrigerator, control device and
de-energizing device for the SC coil protection. The duty
of the SMES-UPS is determined to be 3.5 MW for two
seconds. Stored energy and available discharge rate of the
SC coil are designed to be 14 MJ and 50 %.
Figure 1 indicates a single line diagram of the circuit
simulation model. The PSCADIEMTDC program is used
as the analysis tool. Eight sets of the induction motors
with the power factor compensators and the step-down
transformer of the SMES-UPS are connected to 6.6 kV local
bus through the 77kv/6.6kV transformer in HI feeder. In
the analysis, the depth of the voltage sag is described as a
function of the line-to-grand impedance of the fault point.
Figure 2 shows a typical example of the induction motor
behavior under the deep voltage sag condition; (a) grid
voltage VS and local bus voltage VL, (b) 3-phase voltage of
the SMES side branch, (c) rotation speeds of the induction
motors, and (d) frequency of the local bus-line. The
voltage in the local bus decreases with a slow time constant,
even if the large voltage sag occurs immediately in the grid
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